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A Brief  Talk  on  Man-made  Earth  Satellite  Orbit 
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- Tl.e  Movement  of  Satellite  Orbit  Plane  - 
Wu  Lin^-yao 


Fbllowing  tne  article  w >ich  describes  the  movement  of  a satellite 
ins'de  the  orbit  plane,  published  in  last  issue  of  t is  .Journal,  this 
article  is  to  describe  the  movement  of  the  sate  .ite  orbit  plane. 

A plane  where  a ma  -made  earth  satellite  orbit  is  located  is  called 
orbit  plane.  T’  i.s  plane  through  ■‘  he  ce?  ter  o**  the  earth  ('otis  various 
a yies  with  the  terrestrial  eouatorial  pi"  c,  T^ose  a-  ''lea  are  called  orbit 
inclination.  When  the  rbit  pla-.o  e^'ine'des  with  the  eouatorial  olane,  * e 
inclination  is  zero.  And  when  t' e orbit  plane  is  pernendi cular  to  the 
equatorial  plane,  the  inclination  is  90 J.  At  t is  time  t e satellite  will 
fly  over  the  arc t ' c pole  and  the  antarct'c  • ole,  30  the  orbit  o 0 wl  ich  the 
inclination  is  90r',is  also  called  polar  orbit  (Firure  1). 


orbit  plane 
inc  i nation 

equatorial  plane 
Figure  1 


- oolnr  orbit 


• inclination 
equator 


When  the 
inclination  is 
smaller  than  90°, 
the  satellite  mo-es 


from  southwest  to 

northeast  or  '*rom  northwest  to  southeast.  Following  the  direction  of  the 
earth  rotation,  it  is  called  prorressive  orbit  (Fivure  2 left).  When  the 
inclination  becomes  larror  than  90',  the  movement  of  the  satellite  is 
opposite  to  the  direction  of  the  earth  rotation,  it  i3  called  retrorrade 


1 


orbit  (Ei-ure  2 riant). 


Vj_ ; *■;  r*  o p 


Vo st  of  the  man-made  satelli  *.e 
take  progressive  orbit  because  to 
launc  inp  can  vet  same  help  from 
‘ e earth  rota’ ion.  Thus  the 
burden  of  carry  in-’  the  satellite 
can  he  lessoned.  Except  por  ‘ e 
■‘"ct'c  and  ‘•he  autarch  ‘ c two  noles, 

ever"*  * • " on  ‘..ho  earth,  because  of  t'-o  earth  rotation,  has  eastward  sueed. 

• op  op  • r.  equator  Lb  ■ ■ sr  r.e'"  d,  tl  at  * s ab  ut  6/C  of  the 

first  o as ' e speed,  and  at  the  j Lace  of  Latitude  45»  it  la  33m  per  second. 

I e * n la  UiC  ’ r>-r  takes  a retro  rado  orbit,  this  eastward  s^eod  w‘  be 

site  to  cl Loi  of  e sate  lite  m lament.  Conseque  tly,  it  will 

*ae  thi  i ■ is.  i rder  offsel  sue)  counteraction,  it  must 

i .<  .uch  ” jT  car  ho  r.ove  o sate  . its. 


I-.--  ' ation  Is  a "era  important  a eteriatle  of  sate Llite  orbit. 

V en  ‘ .o  Inc  'nat’on  is  small,  the  rate  of  ure  eas*ward  speed  will  be 
1 • , so  'he  launching  will  be  easle1'  a d consume  less  ener(ty,  but  the 
areas  from  where  the  satellite  can  be  seen  on  the  earth  will  be  limited. 

If  the  ' no  i'  ation  is  larpo,  the  areas  on  t o earth  '’rom  w ore  +he  satellite 
cnr  -o  seen  /111  be  lar  *o,  but  the  launching  of  the  sa'ellite  13  consume 
'i"n  oner'"/.  In  or  ier  1 have  a lar  e area  on  the  earth  from  where  the 
sate  ! e e°n  e seen  or  In  order  to  let  ■ '-e  satellite  see  a larr'>r  part 


o'"  fhe  s r'*',oe  of  ‘ e eart 


■or 


t’  f inclination  mus‘  be  made  lar"er 


such  aoti  ,r'.‘‘-s  as  reoon  aissance,  navigation,  prou  I survey  and  natural 


res  urcon  exploration,  the  sate  ite  a lways  taken  an  orb ! t o'*  lar"e 
Inclination  or  a polar  orbit#  The  Lneli  at  ’an  of  China1  s r"”st  two  satellites 
if,  ]rv  -ft.  One  Is  63.5°  and  to  oV  er  Is  o9.9r.  3o  they  one  vi  si  ole  at  both 
polar  areas,  in  ot  er  words,  China's  red  star  satellites  could  be  seen  by 
everyone  from  everywhere  on  V o earth. 


The  Directionality  of  Orbit  Plane 

Djo  to  1 e o'  "t  rotation,  everything  on  earth  as  well  as  in  sky  is  ) 

led  to  rotate.  Only  man-made  earth  satellite  can  move  alone  its  orbit  and 

is  free  from  such  effect,  Tv,e  orbit  elane  of  a satellite  like  a revolving  i 

round  p la 1 o has  its  o'm  d'recM.onali.ty  and  '■onst'1  tly  holds  its  regular 

d’rociion.  T' o earth  V:r,ns  15^  every  ho^xr,  and  i.t  ’/fill  turn  nrj f eastward 

in  t e t'"o  w on  ••  so toll ite  flies  around  the  earth  one  time  provided  that 

the  cycle  period  o'*  t'-e  satellite  is  120  minutes,  Tf  the  cre^cc  of  the 

earth  V-  e satellite  secs  when  it  is  being  launched  is  Shanghai,  after  having 

made  a cycle  arid  returned  to  its  launching  point,  it  is  already  in  the 

sky  over  Lhasa  of  Tibet (r,’i  'air e 3 illustrates  the  nath  of  the  satellite  on 

earth).  In  a day,  the  satellite  makes  12  cycles  and  the  earth  turns  360  , 

then  the  satellite  Returns  back  to  the  sky  over  Shanghai  again.  So  by 

making  use  of  the  fact  that  the  orbit  plane  does  not  move  and  the  earth  turns, 

the  satellite  can  fly  from  east  to  west  and  from  south  to  north  around  the 

earth.  Ooposite  to  tho”moving  around"  orbit,  there  is  a"stafonary"orbit 

t:  at  is  tie  well  known  earth-synchronous  orbit.  1 
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bote:  ” - north 

SD  — speed  d ' ~octionnl  a^  "1.& 
LOL  = lon^i  hude  lino 
E = east 

LAL  - *• 1 tude  line 

CE  — i.  1 Ho  p*'i>*L/'~ 

EQ  = eou 
S = south 


^i'wre  1 

It  will  a^oc1  the  work  of  a satellite  when  the  orbit  plane  is 
o-iposir."  the  position  o'*  the  sun.  3o  :n  denim  as  well  as  the  launchinp  of* 
a 8a  ellite,  such  a fact  must  be  miven  serious  consideration,  is  the  first 
omit  mentioned  above,  ie  orbit  is  entirely  exposed  to  the  sun  when 
it  is  perpendicular  to  the  position  of  the  sun,  and  the  satellite  in  a 
whole  r and  of  t o orbit  will  be  illuminated  by  the  sun.  This  is  useful  for 
ho  solar  battery  to  generate  electircity,  but  it  is  harmful  in  temperature 
control  of  .ho  satellite  as  it  • a continuously  heated  by  the  sune  for  a Ion" 
peH  d of  + mo.  The  second  kind  of  orh;t  ’ s that  the  alt ‘tuda  of  t>e  sun 
is  constantly  45°.  It  is  a food  li-ht  condition  for  the  satellite  to 


Note:  OP  = orbit  plane 
D = day  time 
R.S  ' rays  of  sun 
DP  - direction  o"  earth  rotation 
N = nirht 


Figure  11  A.A’  (A  is  ab.ve) , 3D*  (B  is  above),  CC  (C  is  above) 

‘ a Intersecting  points  of  perpendicular,  incl'niny 

and  level  orbit  plane  with  the  earth  ; 

i 

1 

curve v and  to  taka  ni ctu-e  of  ob’eets  vrj th  shadow  on  the  earth.  The  V ird 
o"  ‘ ‘ is  that  the  t ‘ we  underneat''  the  satellite  is  noontime  and  the  liaht 
P very  h'^’iyh.t,  so  ‘he  se.tellitc  can  hero  clearer  pictures  of  the  snr^a.ce 
f ‘ e earth.  But  the  time  for  the  satellite  to  pass  t-  rouph  the  shady 
•i. r'cj  of  t o earth  constitutes  30-40$  of  a cycle  (intermediate  and  low 
orb: t) . 3o  it  must  e equipped  enough  batteries  so  as  to  su  nly  electricity 
to  ' ae  equip:  :c  in  the  satellite  when  it  is  ‘n  the  shady  area. 


The  Effect  of  Tempers  ‘.ure  an d Altitude  on 
the  Rocket  farina  Thrust  of  a Satellite 

Chang  Kwa  .ag 

Tor  he  e gine  of  a so 'id  rocket,  the  hig  er  is  the  environmental 

• eraperature  and  ■ e working  altitude,  the  ''renter  is  the  enpine  thrust,  '-P  y 
30?  Ti.'o  or'.-c.e  in  n't'  • t i np  to  find  an  answer. 

’'oat  of  he  rockets  and  nissl  l.es  ised  b v a satellite  in  the  3pace 
use-  thrust  or  diced  by  solid  rocket  engine  as  newer  source.  The 
mn  'ni  t ides  of  * rust  recurred  hr/1  f e f1"r'!Ti'f  craPts  ar"  d ' •’''ere  t.  The  larcQ 
o' oa  : ay  re-:  lire  several  hundred  or  1 house  d toon;  while  the  c--a.ll  one s 
' ay  reo  * r-  or  *'  a f*ew  kj  io"mrs. 

The  Production  of  Thrust 

Solid  rocket  engine  thrust  is  a forward-push ing  power  produced  whe- 
bh<  solid  fu  .L  is  burning  in  the  rocket  engine.  Because  the  engine  is  able 
o nro-'hice  such  power,  roc 'cts  and  missiles  and  other  flying  crafs  can  in 
the  -,'r  overcome  the  ir-mact  of  air  resistance  as  well  33  its  own  wei  ••  t, 

••.ad  fly  in  a remolar  speed  to  'heir  resnect ' ye  destination, 

’low  let's  '.-•Ik  about  the  process  o'*  'now  an  en-''ne  produces  thr  -st. 

In  order  to  make  t e en-ine  start  to  work,  it  must,  <Mrs!  of  all,  use  an 
ignitor  to  ignite  the  solid  powder-char "o , and  the  solid  nowder-charre 

• <-.n  beg  ns  to  combu’S  in  the  combustion  chamber.  The  combustion  means 
hat  the  chemical  ener  g/  conta'ned  in  the  solid  powder-charge  begins  to 


chanre  into  thermal  energy  and  creates  combustion  a'r  nr  hi "h  temperature. 


t .n  combustion  air  is  accelerated  through  inf  la  ion  in  a nozzle,  and 
<•  the  aJ  ener  jy  t ereby  becomes  cinetic  e ergy.  Pi  tally  a su  ersonic 
ion  ■ r r at  ream  f<  a out  fror  f q nozzle  of*  asi  @ 'i?iQ . Why  can  ti  e 
c-  roust  ion  air  con  i .-uoualv  and  very  ra*  idly  Increase  its  flow  velocity? 

*'■  * r*  hr?#?*'  f^n  th - • eor^bunt, ' on  a "t*  *n  the  on • * T e e ”,ooo  * *.ror>  oovoml  '}i  ^f'ercjnt 

ki  -1"  of  n r.  ‘ od  '*•  sees.  According  to  the  sec  nd  law  of  o’cnr-.ica,  he 
3ueod  of  combust4  on  air*  f.ow  is  do  hermined  by  the  arr  unt  of  applied  forces 
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fo  'Co  received  bv  the  combustion  a'r  in  the  e cine  but  in  an  opposife 
i ' ’•oxtio:  . The  axial  comnosite  force  of  he  counter  noroes  is  the  main 
ooTr.por.on*  of  '.ho  or.  *Lne  thrust. 

The  Effect  of  Environmental  Temperature  on  Engine  Thrust 
In  a vast  territory  like  China  has,  the  engine  used  in  an  aircraft, 
oar.  encounter  d'ffere  t environmental  temperature  in  deforest  climate, 

3" oh  as  the  hotness  in  t-.o  south  dur ' n"  summer  and  the  coldness  in  the  north 
uri  ' •'  iter.  This  environmental  temperature  ra ves  from  nr)‘  above  zero 
to  5 C below  zero.  fader  a condition  of  no  te  nerature  con+rol,  the 
initial  termerature  (environmental  terme "ature ) hr  u-:ht  alone  with  the  engine 
p vder-charre  is  different. 

i!ow  let's  examine  what  kind  or  effect  of  the  environ- on tal  temperature 
can  ^ave  on  engine  ttirust.  As  ha3  been  mentioned  above,  the  chemical 

> 

» 

■ 
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e-  ‘ • e r.oli'i  propell*1  n\  toms  ’nto  '’r.ot*s  er.o’ — r throu'-h  sombustion. 

Ar.-i  as  we  all  know  .at  when  somethin-''  is  ah  out  to  burn,  i*s  tempera  ire 

must  be  ‘"rst  increased  to  'he  "burnin?'  point",  so  is  the  situation  of  the 
no . 5.'?  r,v,ov/rj . la ot . 'it,  because  o **  .he  di^ferer ce  ot*  on'  ’''1* orre-  tel  t empera ‘ ure - 
'ho  ou'-jn  ■ i t v of  heat  cor.  V*  * ed  in  t e nowde  ■— eh'  '~"e  is  3.0 cord iri"!-^  dif^ero  t . 
I"  order  to  * ■*  it©  the  novdor— ch  ar '*e , it  therefore  ror*;.f res  to  increase 
v eua.r.  ti  tv  of*  heat  and  um/es  it  reac  t'  the  ^buminr  ooint^.  It  ta'-res 

a cento*:  r.er rod  of’  ■ irne  to  tra  3fer  e neat  needed.  If  the  environmental 

V;  oe nature  Is  low,  t e heat  hat  rreds  to  be  transferred  is  more  and  the 
t 'e  * ‘ needls  i .0  lor  *er#  Cth  ror  * re « o.o*’?  ronmenta.l  terror  ah  "e  is  hi'fh,  the 
o^erred  f s leas  ard  t>r  time  it  t°  'cs  is  shorter 
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